Abstract
I. INTRODUCTION
S-DMB (Satellite Digital Multimedia Broadcasting) systems based on Digital System-E [1] have been standardized and commercially launched in some countries. They can provide around 30 broadcasting channels and provide VCDquality video service on 7 inches screen [2] . The two main challenging issues are the increase of capacity and the extension of viewing time. Especially, viewing time is critical for the 'S-DMB phone', which is a cellular phone with S-DMB receiver whose screen size of about 2 inches, since it is limited in battery capacity.
In the current S-DMB systems, the same amount of information is received at the terminals regardless of their characteristics. For example, in the current S-DMB system commercially operated in Korea [3] , each video channel is encoded by H.264 and its rate is 512 kbps, whereas audio channel has a data rate in a range of 48 to 64 kbps by MPEG-2 AAC+ encoding. The video channel satisfies the QVGA (320x240) resolution with a frame rate of 15. However, it is an inefficient way when taking into account various types of terminals which are different in screen size, resolution, battery capacity, memory, computing power, etc. Especially, to obtain the same video quality, the handheld terminals may not need as much video data as the vehicular terminals because they are smaller in size and have a limited battery capacity. Hence, it is beneficial if minimum information can be processed at each terminal without degradation of video quality and increase of transmission bandwidth. The SVC (Scalable Video Coding) has been actively studied in Moving Picture Experts Group (MPEG) [4, 5] , which is expected to offer both rate, spatial, and temporal scalability with an acceptable complexity. The scalability can be achieved by generating the bit stream hierarchically in successive layers, corresponding to different image quality, frame rate, and picture size. This SVC technique has been demanded from numerous industries to cope with multiservice provisioning based on user/terminal capabilities and needs. Meanwhile, the current techniques require content multiplication, i.e., encoding and delivery of the same content at different bit rates.
In this paper, we consider a cross layer design of physical layer that is aware of applications. We propose an Adaptive Reception (AR) scheme, which supports various terminals in an efficient way to save power consumption and transmission bandwidth. The AR scheme utilizes the SVC technique to generate layered video information, which is transmitted hierarchically over CDM (Code Division Multiplexing) channel(s) so that the terminals can receive the minimum amount of information depending on their types, while maintaining the same video quality. This paper is organized as follows. Section 2 describes the proposed adaptive reception scheme and Section 3 introduces the transmitter and receiver structures modified to provide the AR scheme. In Section 4, we investigate the benefits in terms of power consumption and available viewing time. We draw our conclusions in Section 5. Fig. 1 describes the AR scheme conceptually, where three different types of terminals are considered as an example. A broadcasting program consists of audio information, video information, and program specific information (PSI). The voluminous video information is encoded using SVC technique that generates a base layer data and two enhanced layer data. In current S-DMB systems, a maximum rate of data is generated regardless of terminal types. In order to provide a minimum data rate required for different types of terminal without SVC technique, separate data streams need to be generated for different types of terminals, which is wasteful of transmission bandwidth. According to the requirements of SVC technique, the base layer data needs to be decodable with a minimum resolution, and the resolution is increased as more enhanced layer data are processed together with the base layer data.
II. ADAPTIVE RECEPTION SCHEME

Fig. 1 Conceptual diagram of the proposed adaptive reception scheme
After SVC encoding, the base layer video data is assigned to the first three frames in this example. The base layer data is the minimum amount of data to be processed for S-DMB phones. The next two enhanced layer video data organize the remaining three frames that are required for a higher video resolution. The type 2 terminal requires one more frame additionally, and the type 3 terminal needs to process all frames.
The FSC (Frame Selection Control) equipped at each terminal chooses the minimum number of frames based on the corresponding terminal type. In case of S-DMB phone, it can change its state to 'save mode' and suspend the RF/CDM parts from the fourth frame to the final frame, which translates into the reduction of power consumption. 2 shows a block diagram of the transmitter. The number of layers is denoted as C and type i terminal is assumed to require N i frames. In our example, the value of C is set to 3 and N 1 =3, N 2 =4, and N 3 =6. In order to support the SVC technique in the AR scheme, the interleaver blocks should be modified so that each layer data is not mixed with other layer data, i.e., the interleaving is performed layer by layer. For example, the base layer data is interleaved over the first three frames and not spread into the other three frames.
Ⅲ . TRANSMITTER AND RECEIVER ARCHITECTURES
This guarantees that the type 1 terminal can collect (or deinterleave) the spread data correctly with reception of only the first three frames. The similar interleaving should be done for two enhanced layer data so that type 2 and type 3 terminals can process the minimum number of frames, i.e., 4 and 6 frames, respectively. After the channel encoding and interleaving steps, the SVC encoded data forms a single broadcasting channel and then, is multiplexed with other broadcasting program channels including a corresponding audio channel. Fig. 3 shows the block diagram of S-DMB CDM part for the type 2 terminal. The terminal can be informed of the current frame counter through the pilot channel. The terminal determines its operational mode by comparing the current frame counter with N 2 . In normal mode, the terminal receives the frames whose frame counter is less than or equal to N 2 (1 ≤ N 2 ≤ N) and demodulates the signal with the code assigned for the wanted program. After CDM demodulation, channel decoding and deinterleaving are processed. The deinterleaver blocks need to be modified so that the deinterleaving can be performed layer by layer as the interleaver blocks in the transmitter. Note that the interleaved data have been spread over only the first N 2 frames for the type 2 terminals. This enables the terminal not to receive the data over the N 2 +1 to N frames. And accordingly, the terminal can switch off the RF part and suspend the CDM part when the frame counter is greater than N 2 (so-called save mode herein). The terminal resumes the operation of the RF and CDM parts in the normal mode of the next super frame.
IV. EXPECTED BENEFITS
When the AR scheme is applied to S-DMB systems, there are several benefits to be noted. First of all, the information is transmitted hierarchically without increasing the transmission data rate using SVC technique. Secondly, the terminals can receive and process the minimum data according to their types, which is beneficial in terms of the power consumption and available viewing time. Especially, this benefit can be expected significant for S-DMB phones which have a small screen size and limited battery capability. It is interesting to compare the power consumption of the conventional S-DMB phone with that of AR scheme-equipped phones. Fig. 4 shows the structure of conventional S-DMB phones. The S-DMB phone normally consists of five parts, viz. the S-DMB RF/S-DMB CDM part (P DMB ) which is related to the S-DMB channel, the MSM (Mobile Station Modem)/MSM RF part (P MSM ) which is related to the telephone call, the MM (multimedia) chip (P MM ) which is related to the demodulation of the video and audio data, the Speaker (P SP ), and the LCD (P LCD ). The symbols in brackets represent the power consumptions of five components.
The following assumptions are used to calculate the power consumptions of different terminals;
1) The total power consumption is calculated by summing up the power consumptions of components in operation.
2) The MSM/MSM RF part stays in a stand-by mode and its power consumption is ignored.
3) The S-DMB CDM and RF parts are assumed to consume negligible amount of power when they are suspended during save mode. 4) The On-Off switching time of RF module is not considered because its impact is not significant.
5) The MM chip is assumed to always function to display the received contents regardless of the terminal type and also assumed to consume the same amount of power during both normal and save modes. This might be pessimistic in view of achievable gain of the proposed AR scheme. The S-DMB RF/S-DMB CDM, MM chip, Speaker and LCD parts are operated during normal mode. Then, the power consumption (P N ) during normal mode can be obtained by LCD SP MM DMB N P P P P P + + + = .
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During save mode, the S-DMB RF and S-DMB CDM parts can be suspended, while the MM chip, LCD, and Speaker parts still function. Then, the power consumption (P S ) during save mode can be expressed as
according to the assumptions made above. Since the type i terminal is in normal mode for N i frames and stays in save mode for N-N i frames, its power consumption can be approximately expressed as
Therefore, the power consumption becomes lower as the type i terminal requires a smaller number of frames N i .
Various video coding techniques exist, which includes MPEG-4, H.263, H.264, and so on [6, 7, 8, 9] . Depending on the applications, the video resolution varies such as QCIF (176 × 144), CIF (352 × 288), and QVGA. The data rate is typically in a range of 64 kbps to 768 kbps. Since the standardization of the SVC technique has not been finalized, we choose the minimum required video data rate for different types of terminals based on the currently available video coding techniques. For a purpose of comparison, we pick up a video data rate of 256 kbps for AR-equipped S-DMB phones (type 1) in contrast to the 512 kbps for the current S-DMB system (type 3). In the case of current S-DMB system, each frame can carry an information data rate of about 39.32kbps with a convolutional coding with a code rate = 1/2, QPSK modulation, and RS code rate = 188/204 [2] . Therefore, two CDM channels are required to transmit a video data of 512 kbps and the value of N 3 becomes 6. For the AR-equipped terminal which requires 256 kbps, the value of N 1 becomes 3 with the same number of CDM channels. That is, the SVC encoded video data is transmitted hierarchically over two CDM channels and then, the S-DMB phone can receive the first three frames every super-frame, while conventional S-DMB terminals receive the whole frames to have a QVGA resolution. Table I shows the average power consumptions of four main components in operation. The power consumptions are measured with two currently available S-DMB phone prototypes, where 3.8 volts and 1360 mAH battery are considered. The power consumption of S-DMB RF+CDM part varies, depending on the chipsets. Bi-processor MM chip, 2.2 inches LCD screen, and MONO speaker with 15pi size are considered. The power consumption of LCD part depends on the brightness.
The power consumption of type 3 terminal can be calculated by using (1) . Phones A and B consume 2158 mW and 1862 mW, respectively, which correspond to 2 hours and 30 minutes of viewing time approximately. When the Phone A is AR-equipped, the power consumption can be obtained from (1)-(3) . It becomes {3x2158+ (6-3)x1189} / 6 = 1673.5 mW. With the same battery capacity, this 22.5 % reduced power consumption can be translated into 29 % extension of available viewing time. In the case of phone B equipped with the AR scheme, the power consumption is reduced to 1482 mW and the viewing time is extended by 26 %. If we consider an ear-phone instead of speaker, the available viewing time can be further extended up to 37 % and 28 % for Phones A and B, respectively since the power consumption of ear-phone is 50 mW. 
V. CONCLUSIONS
We have proposed an AR scheme, which enables various types of S-DMB terminals to process the minimum amount of data according to their types. We adopted the SVC technique for hierarchical transmission of video data and devised an FSC at the receiver for adaptive reception of required number of frames. This scheme is beneficial in view of power consumption and therefore, available viewing time. Especially in the case of S-DMB phone which has a small size of screen and a limited battery capacity, the proposed scheme was found to achieve around 26 % to 29 % extension of available viewing time. And this gain is further increased up to 37% when ear-phone is used instead of speaker.
